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Abstract
jtour complex unlearned behaviors (locomotion, grooming,
sensory scanning and pausing) induced by electric shock
presented every 210" were studied in the presence and ab
sence of an opportunity to attack an aggression target.
Three male Wistar rats, approx. 12 mo. old, were observed
for 8/f hours of the shock presentation schedule.

An ob

server used a modified IMSAI 80^-8 control computer to re
cord the frequency and duration of locomotion, sensory
scanning, grooming and pausing; the computer also con
trolled shock delivery.

The validity of response defini

tions were assessed by the correlation between simultane
ous observations of the behaviors.

Interobserver correla

tions for all behaviors were significantly different from
zero at p£ .0005; none were significantly different from
+1, which suggested the observations were acceptably re
liable and the categories were valid.

When preshock and

postshock intervals were compared, shock was not found to
be causally related to sensory scanning, pausing and
grooming; thus, these data are not presented.

Shock was

found to be causally related to locomotion and these data
are presented.

In the presence of an opportunity to ag- •

gress locomotion and pausing habituated while sensory scan
ning positively accelerated.

Grooming slowly increased

and then decreased over sessions.
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INTRODUCTION
Habituation, or the decreased response to repeated
stimulation is seen by several authors as the most el
ementary and ubiquitous form of learning (Groves and
Thompson, 1970; Harris, 1943; Humphrey, 1933; and Thomp
son and Spencer, 1966.) Habituation is common to animals
ranging from protozoa to humans (Razran, 1971) and has
been a scientific phenomena for nearly a hundred years
(Peckham and Peckham, 1887* as cited in Hintzman, 1978).
Sensitization, or the increased response to repeated
stimulation often occurs in conditioning experiments
with stimuli with positive reinforcement value and also
with strongly aversive stimuli (Hinde, 1966; Groves and
Thompson, 1970).
Figure 1, redrawn from Hintzman (1978), shows the
relationships between shock intensity and whether the
response (leg flexion in a spinal cat) habituates or
sensitizes.

To summarize, strong shocks cause response

sensitization, weak shocks cause response habituation,
and moderate shocks cause an alternation between response
habituation and sensitization.

In order to compare

subsequent responses to the initial response, the data
are expressed in terms of a percentage of the initial
response.

Thus, the initial value of the initial re

sponse is set to 100 percent.

Response sensitization

1
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Figure 1.

This figure shows the relationship between

shock intensity (weak, medium and strong) and response
magnitude (percent of control) across blocks of trials.
Response sensitization occurs when subsequent responses
exceed the control value (points above 100 percent).
Response habituation occurs when subsequent responses
are less than the control value (points below 100 per
cent).

Weak shocks result in response habituation,

strong shocks result in response sensitization and med
ium shocks result in an alternation between response
sensitization and habituation.
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(subsequent response greater than initial response)
yeilds values greater than 100 percent.

Response

habituation (subsequent response less than initial
response) yeilds values less than 100 percent.
Other behaviors can be induced by repeated aversive stimulation, e. g., aggressive and manual
manipulative behavior

(Hutchinson, Renfrew and Young,

1971 ) j grooming (Roveil, 1961 ), locomotion (Lidell,
1964 ), freezing (pausing) (Stein, Hoffman and Stitt,
1971)9 and polydipsia (Falk, 19 61 ; 1969 )-

An exper

imenter often produces major secondary effects that
are not to be understood in terms of the contingent
relations between events manipulated by the exper
imenter and the primary performance (Hutchinson and
Emley, 1972 ). Animals have been found to respond
aggressively during extinction (Azrin, Hutchinson
and Hake, 1966) and during parts of fixed ratio sched
ules (Hutchinson, Azrin and Hunt, 1968) suggesting
that periods of time of diminished reinforcement
could be aversive, also.

Behaviors not required by

the schedule of reinforcement, but which are none
theless found to be related to the schedule are
schedule-induced behaviors.
Previously, it has been shown that aggression
interacts with other schedule-induced behaviors on
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schedules of response dependent shock (Hutchinson and
Emley, 1972; citing 1970.

Hutchinson and Emley,(1972)

(page 195, paragraph 1) suggest that the increase in
manual manipulative responses in the absence of an
opportunity to aggress is similar to the increased man
ual manipulation observed when shock intensity is in
creased.

One can infer, therefore, that aggression

reduces the aversiveness of shock.

Hake and Campbell

(1972) also have found the removal of an opportunity
to aggress resulted in an increase in manual key re
sponding, which they suggest is "aggressively moti
vated."

Thus, the opportunity to aggress appears to

interact with other currently available response op
tions in a complex manner.

It is reasonable to suppose

that the opportunity to aggress will interact with the
complex unlearned behaviors induced by stress.
The purpose of this study is to measure four com
plex behaviors induced by repeated aversive stimulation.
These behaviors include locomotion, grooming sensory
scanning and pausing.

Subjects were exposed to both

the presence and the absence of an opportunity to
aggress while under stress by presenting and removing
a bite target during sessions of fixed time shock.
The patterns of response habituation and sensitization
between conditions were the dependent variables of
interest.

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

METHOD
Subjects
Three male Wistar rats approximately 12 months old
and weighing between 4-50 and 550 gramms each completed
the study.

A fourth male Wistar rat was eliminated from

the study due to poor electrical connections causing the
first shock to occur at a variable time from the beginning
of the session, instead of at a fixed time, as was intended.
All subjects were housed separately in a rat colony main
tained at approximately 72° F. with a humidity of 60 %.
Food and water were available on an ad lib basis in the
home cage throughout the study.

Prior to the study, the

subjects were experimentally naive and had not been handled.
During the study, subjects were handled with welder's gloves.
Apparatus
Rats were inserted into a 22£ cm long horizontal
clear Plexiglas tube with an internal diameter of 8£ cm
by pulling the tail through a 2£ cm wide slit in the top
of the tube, until the rat's body rested against the
back plate of the tube and the tail protruded out of the
tube.

The tail was then taped to the tail stock 0 8 £

cm long) with Dermicel tape.

The rat's feet rested on

a flat floor 7 cm wide; feces and urine dropped through

6
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7
the opening (3w ci x 3i cm) in the floor at the rear of
the tube.

The tube was suspended between 2 rectangular

plates of Plexiglas (15 cm high by 12 cm wide) which
served as the front and back of the tube.

In the back

plate, there was a continuation of the slit in the top
of the tube, 2^- cm wide, which extended from the top
of the plate to under the floor of the tube.

In the

front plate (which was removable, and attached to the
tube during the session with screws), there was an open
ing (3r cm high x 2.7 cm wide) for the bite target to
be inserted.

Targets were made of conveyor belt mater

ial, which consisted of a split hide leather top and
bottom with a nylon core.

Targets were G% cm long by

1 cm wide and .5 cm thick; they protruded 4 cm into the
restraint tube at an upward angle of approximately 30°.
The frequency of biting was recorded as forward pulls
on the bite target, which caused closure of a telegraph
key which activated standard electromechanical relay
equipment.

A bite was counted for pulls on the bite

target of approximately 7 grams exerted over an average
distance of .25 mm.
The restraint tube was enclosed in a white chamber
with the following internal dimensions: 48 cm wide by
78 cm high by 71 cm deep.

The chamber was illuminated

by two 40 Watt bulbs centered in the chamber ceiling.
A small rectangular mirror was located in the far right
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corner of the chamber to reflect the subject's image
to the experimenter through a window in the chamber
door (18 cm wide x 2.1, cm high).
Shocks were delivered to the subject's tail through
1 cm wide electrodes which were located at 2 cm and at 7 cm
from the end of the restraint tube.

White noise from a

Grason Stradler noise generator (model # 901 A) and ven
tilation from a fan were proveded continuously through
out the experiment.

Shock duration was ,2 seconds.

A modified IMSAI 8 0 k8 control computer (from Compumart, Ann Arbor, Michigan) was used to control shock de
livery and served as a behavior recording device.
Procedure
Five to six sessions were conducted weekly with every
other session observed.

Sessions were two hours long.

All subjects received both conditions: the presence and
the absence of an opportunity to aggress.

Subjects dif

fered in the order of conditions and in the number of
sessions in each condition.

(Condition A = bite tar

get absent, or no opportunity to aggress; Condition B =
bite target-present, or presence of an opportunity to
aggress.)

The number of sessions of condition A prior

to condition B for subjects C15» B9 and B7 were zero,
seven and sixteen.
Before each session, a subject was inserted into the
restraint tube, the tail was taped over the tail stock,
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the tail was cleaned with alcohol, wiped dry, and elec
trode paste was applied to the subject's tail just under
the electrodes.

After the subject was prepared for the

session, the restraint tube was placed in the experimental
chamber and the session was started.
The dependent variable behaviors were defined in the
following manner.

Grooming was any licking of self or

rhythmic rubbing of the face with the forepaws.

Locomo

tion was an alternation of position of the rear haunches.
Sensory scanning was any directional head movements.
Pausing was the absence of any movement.

Grooming,

sensory scanning, pausing and locomotion were exhaustive
of the types of responses made by subjects.

Locomotion

generally occured as a subset of sensory scanning, i.e.:
sensory scanning sometimes occured in the absence of
locomotion, but locomotion rarely occured without sensory
scanning simultaneously.
After the session was completed, the data were stored
on cassette tapes.

Data could be played from memory

either to a teletype (for a printed paper copy of the
data) or displayed on the Light Emitting Diode (L. E. D.)
display of the computer.
A State Diagram of the experimental schedule appears
in Figure 2 on page 11.
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Figure 2.

This figure shows a State Diagram of the

experimental schedule.

The experimenter starts the

session (R1) causing the houselight, fan and whitenoise to be turned on.

After 210 seconds pass, a brief

shock is presented; after which, the time interval be
fore the shock is restarted.

The session ends, and

all stimuli are turned off 7200 seconds after the session
begins.

10
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11

• OF

210" : O N 4

S.S.2
7 2 00*'

: OFF 1 , 2 , 3

STOP

Rl - Experimenter starts session
O N .1 - Houselight on

O N 2 - Fan on

O N 3-W hitenoise on

O N 4 - Shock on
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Reliability
To assess the degree to which observers aggreed
in this study, a Pearson product moment coefficient of
correlation was used.

All correlations between observers

were significantly different from zero at the p£ .0005
level, and none of the correlations between observers
were significantly different from +1 (a perfect positive
correlation).

Thus, the observations were validated

and found to be acceptably reliable.

The correlations

between the set of observations of each observer on the
frequencies and durations of behaviors appear in Table 1,
page 14.

Pairs of observations consisted of each ob

server's data for a given interval.

Thus, the first

pair of scores (x and y) were the data recorded by the
two observers for the first interval, the second pair
or scores vie re the data recorded for the second inter
val, and so on.

The x variable consisted of the experi

menter's set of observations for the intervals, the y
variable consisted of the second observer's set of ob
servations for the same intervals.
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Table 1.

The coefficient of correlation, slope, y-

intercept and coefficient of determination related
the observations of the experimenter and another ob
server for the frequency and duration of the dependent
variables (grooming, locomotion, pausing and sensory
scanning).

The relationship between simultaneous

observations gave an index of the extent to which
the experimenter and observer agreed upon the occur
ence of behaviors in a session, or the reliability
of the observations.

13
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14
INTEROBSERVER CORRELATIONS
IN THE FREQUENCIES AND DURATIONS OF BEHAVIORS
IN 9 INTERVALS
CORRELATION

SLOPE

Y-INTERCEPT

COEFFICIENT OF
DETERMINATION

1.13
.583

.737
.820

.128

.944

-.128

.989

Locomotion
f.
d.

.859
.906

1.65
2.00

Grooming
f.
d.

.971
.994

.985
.958

Sensory Scanning
f.
d.

.994
.975

1.12
.937

-1.67

.988

.793

.950

-.073
-17.28

.874
.829

-1.03

.994

Pausing
f.
d.

.935
.911

.959
1.04

Biting*
d.

.997

.984

♦intra-observer correlation, right-and left hands.
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RESULTS & DISCUSSION
Preshock and Postshock Responding
The comparison of the behaviors produced by the pre
shock and postshock intervals (in this case, the behavior
occuring before and after the first shock in a session) is
important in understanding the difference between the con
ditioned and unconditioned responses to shock, and in un
derstanding those behaviors caused by shock.

In Pavlovian

delay conditioning, a fixed time preceeds the unconditioned
stimulus, and thus, the fixed time becomes a conditioned
stimulus for shock.

The increased responding during the

conditioned stimulus after repeated pairings of the con
ditioned stimulus with the unconditioned stimulus is taken
as evidence that the responding is conditioned.

In this

experiment, shock is the unconditioned stimulus and the
210” preceeding the shock is the conditioned stimulus.
Figure 3 shows the cumulative frequency of pre
shock and postshock locomotor responses (responses in
the interval of time before and after the first shock
in the session) across sessions (subject B7).

Th y-

axis is the cumulative frequency of locomotor responses,
the x-axis is composed of sessions.

The open circles

represent the cumulative frequency of locomotor re-

15
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sponses in the intervals of time preceeding the first
shock (preshock responses); the filled circles repre
sent the cumulative frequency of locomotor responses
made in the interval of time after the first shock in
a session (postshock responses).
for subjects B7, B9 and Cl 5

Figures 3> k and 5

have the same x- and y-

axes, dependent variables and legend conventions.
For each subject, the cumulative frequency of postshock
locomotor responses exceeds the cumulative frequency of
preshock locomotor responses.

This suggests that lo

comotion is an unconditioned response to shock (occurs
only after shock), however, a history of shock does not
seem to increase the frequency of locomotor responses
before shock.

For all subjects, it appears that shock

causes locomotor responses.
The frequency of any behavior is only a partial
measure of that behavior; for any behavior to occur,
it must occur for a length of time.

Behaviors are not

instantaneous; they have potentially measureable dur
ations.

The frequency of a behavior is a measure of

the onsets of that transient event; however, an in
creased frequency may be due to an overall increase in
the probability of behavior over time, or due to an
increased frequency of disruptions in that behavior.
The problem of the dichotomous interpretation of fre
quency is most acute when either the behaviors are
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Figure 3»

This figure shows a comparison of the cumulative

frequency of locomotor responses in the preshock (open
circles) and postshock (filled circles) intervals for
subject B7 across sessions.

Postshock responding exceeds

preshock responding.

17
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Figure k»

This figure shows a comparison o:f the cumu

lative frequency of locomotor responses in the preshock
(open circles) and .postshock (filled circles) intervals
for subject B9 across sessions.

Postshock responding

exceeds preshock responding.

19
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Figure 5.

This figure shows a comparison of the cum

ulative frequency of locomotor responses in the preshock
(open circles) and postshock (filled circles) intervals
for subject Cl 5 across sessions.

Postshock responding

exceeds preshock responding.

21
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23
free to vary in frequency and duration or the stimuli
are disruptive.

In this study, since the behaviors

were free to vary and the stimuli disruptive, both fre
quency and duration measures of behaviors were taken.
A graph of the cumulative duration of preshock and
postshock locomotor responses across sessions appears
in Figure 6.

The y-axis is the cumulative duration of

locomotor responses in seconds and the x-axis is composed
of sessions.

The open circles represent the cumulative

duration of locomotor responses before the first shock
(preshock responding); the closed circles represent the
cumulative duration of locomotor responses in the
interval after the first shock (postshock responding).
Figures 6, 7, and 8 for subjects B7, B9 and Cl 5 have the
same x- and y-axes, dependent variables and legend con
ventions.

For all subjects,the cumulative duration of

locomotor responses was greater in the postshock inter
val than in the preshock interval; these findings con
firm and extend the findings of Figures

and 5.

The increasing frequency of locomotor responses is
a genuine increase in the probability of locomotion over
time.

The presence of shock is not simply creating more

disruptions in locomotion, \7hich could cause a spur
ious frequency increase.

Shock is directly related

to locomotion across sessions.

Grooming, sensory

scanning and pausing were inconsistantly related to
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Figure 6.

This figure shows a comparison of the cumu

lative duration of locomotor responses in the preshock
(open circles) and postshock (filled circles) intervals
for subject B7 across sessions.

Postshock responding

exceeds preshock responding.

2k
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Figure 7.

This figure shows a comparison of the cum

ulative duration of locomotor responses in the preshock
(open circles) and postshock (filled circles) intervals
for subject B9 across sessions.

Postshock responding

exceeds preshock responding.

26
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Figure 8.

This figure shows a comparison of the cum

ulative duration of locomotor responses in the preshock
(open circles) and postshock (filled circles) intervals
for subject Cl 5 across sessions.

Postshock responding

exceeds preshock responding.

28
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the presence and the absence of shock (postshock and pre
shock intervals), and those data are not presented.
Locomotion and Aggression
If it is true that aggression reduces the aversiveness of shock (inferred from Hutchinson and Emley,
(1972)) and that weaker shocks are associated with
a greater degree of response habituation (Hintzman,
1978), then the opportunity to aggress should cause
a greater habituation in locomotion than when the sub
ject does not have an opportunity to aggress.
9 shows such an effect.

Figure

The y-axis is a probability

scale of the ratio of the frequency of locomotor re
sponses in an interval over the frequency of locomotor
responses in the interval in which locomotion initial
ly occured (the initial interval).

The control value

is equal to the frequency of locomotion in the interval
in which it initially occured.

When the frequency of

locomotion is greater in subsequent intervals than in
the initial interval, that is, when the ratio exceeds
unity, the percent of control is greater than 100 per
cent, response sensitization has occured.

When the

percent of control falls below 100 percent, response
habituation has occured.

The x-axis is composed of

shock intervals within a session; the first session
without an opportunity to aggress is on the left and
the first session with an opportunity to aggress is
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on the right.

Without an opportunity to aggress (left

side of Figure 9) the frequency of locomotion became
sensitized (values greater than 100 percent of the
control value).

The declining trend is probably due

to the history of shock impairing subsequent classical
conditioning (a blocking effect) as found by Gault,
(1956).

With an opportunity-to aggress (right side of

Figure 9)j the same shock intensity produced markedly
less response sensitization and a few intervals of
response habituation.

The shift in response pattern

from sensitization to an alternation between sensiti
zation and habituation would be expected if the shock
intensity had been reduced from a strong to moderate
level; however, shock intensity was unchanged.
the opportunity to aggress was added.

Only

Thus, the oppor

tunity to aggress has effects which are similar to a
reduction in shock intensity.

Aggression

and loco

motion were at times observed to occur simultaneously,
thus aggression does not displace locomotion due to
response incompatibility.

Similarly, in Figures 10

and 11 (subjects B9 and Cl 5) habituation (values less
than 100 percent) was more frequent in the presence 6±
an opportunity to aggress than in the absence of an
opportunity to aggress, which more frequently resulted
in a sensitization of the frequency of locomotion
(values over 100 percent of the control value). Thus,
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Figure 9. This figure shows the change in the frequency
of locomotion in the first session in which an opportun
ity to aggress was present (right side) and the first
session in which an opportunity to aggress was absent
(left side.)

Points above 100 percent represent a sensi

tization of

the

frequency of locomotion in

that interval

relative to

the

frequency of locomotion in

the initial

interval in

the

session.

percent repre

Points below 100

sent a habituation of the frequency of locomotion relative
to the frequency of locomotion in the initial interval in
the session.

Without an opportunity to aggress (left side

of figure) the frequency of locomotion predominantly sensi
tized (left); with an opportunity to aggress (right) the
frequency of locomotion alternately sensitized and habit
uated.

These data are for subject

B7«
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Figure 10.

This figure shows the change in the fre

quency of locomotion in the first session of exposure
to each condition.

Points above 100 percent represent

a sensitization of the frequency of locomotion in that
interval relative

to the frequency of locomotion in

the initial interval in the session.

Points below

100 percent represent a habituation of the frequency
of locomotion relative to the frequency of locomotion
in the initial interval in the session.

With an

opportunity to aggress (right side), there was a re
sponse sensitization in eight intervals; without an
opportunity to aggress there were more than twice as
many intervals of response sensitization (seventeen).
Thus, locomotion is more frequently sensitized without
an opportunity to aggress than with an opportunity
to aggress.

These data are for subject B9*
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Figure 11.

This figure shows the change in the fre

quency of locomotion in the first session of exposure
to each condition.

Points above 100 percent represent

a sensitization of the frequency of locomotion in
that interval relative to the frequency of locomotion
in the initial interval in the session.

Points below

100 percent represent a habituation of the frequency
of locomotion relative to the frequency of locomotion
in the initial interval in the session.

With an oppor

tunity to aggress (right side), intervals of response
habituation alternated with intervals of response
sensitization; without an opportunity to aggress,
locomotion was sensitized.

These data are for subject.

Cl 5.
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with respect to the frequency of locomotion, removing
an opportunity to aggress had effects similar to in
creased shock intensity; conversely, presenting an
opportunity to aggress had effects similar to reduced
shock intensity.

Figures 10 and 11 share the same

dependent variables, axes and legend conventions as
were described for Figure 9.

Figures 12, 13 and IZf

for subjects B7, B9 and C15 have duration measures of
locomotion as bases for determining response sensitiza
tion or habituation.

The x-axis is the percent of con

trol, which means that the duration of locomotion in
an interval was divided by the duration of locomotion
in the interval in which locomotion initially occured
in that session, this decimal number was then multi
plied by 100.

The y-axis is composed of intervals

within the session; the first session in the absence
of an opportunity to aggress is on the left, the first
session with an opportunity to aggress is on the right.
For all subjects, the duration of locomotion showed
more response sensitization without an opportunity
to aggress (left) than with an opportunity to aggress
(right side of Figures 12, 13j and 1*t).

Thus, with

respect to the duration of locomotion, removing the
opportunity to aggress also had effects similar to
increased shock intensity; presenting an opportunity
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Figure 12.

This figure shows the change in the dur

ation of locomotion in the first session of exposure
to each condition.

Points above 100 percent represent

a sensitization of the duration of locomotion in the
initial interval relative to the duration of locomo
tion in the initial interval in the session.

Points

below 100 percent represent a habituation of the dur
ation of locomotion relative to the duration of loco
motion in the initial interval in the session.

Loco

motion displays higher levels of response sensitiza
tion in the absence of an opportunity to aggress
(left side) than in the presence of an opportunity
to aggress (right side).

These data are for subject

B7.
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Figure 13.

This figure shows the change in the dur

ation of locomotion in the first session of exposure
to each condition.

Points above 100 percent represent

a sensitization of the duration of locomotion in the
initial interval relative to the duration.of locomo
tion in the initial interval in the session.

Points

below 100 percent represent a habituation of the dur
ation of locomotion relative to the duration of loco
motion in the initial interval in the session.

Loco

motion is more frequently sensitized in the absence
of an opportunity to aggress (left side), than in
the presence of an opportunity to aggress (right side).
These data are for subject B9.
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Figure 14.

This figure shows the change in the dur

ation of locomotion in the first session of exposure
to each condition.

Points above 100 percent represent

a sensitization of the duration of locomotion in the
initial interval relative to the duration of locomotion
in the initial interval in the session.

Points below

100 percent represent a habituation of the duration
of locomotion relative to the duration of locomotion
in the initial interval in the session.

Locomotion

is more frequently sensitized in the absence of an
opportunity to aggress (left side) than in the pre
sence of an opportunity to aggress (right side).
These data are for subject Cl 5.
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to aggress has effects similar to reducing shock in
tensity.

It appears from the findings in Figures 9j

10, 11, 12, 13 and 1if that there is a reciprocity between
locomotion and aggression; however, this reciprocity is a
matter of the degree of habituation and sensitization in
locomotion and not a matter of the displacement of loco
motion by aggression caused by the incompatibility of the
two behaviors.

In a stressful situation, it would appear

from these findings, that an increase in locomotion is a
sensitive indicator of a recent aversive event (preshock
versus postshock locomotion), and that the provision of
an opportunity to aggress has effects which are similar
to a reduction of shock intensity (presence of an opportun
ity to aggress versus absence of an opportunity to aggress)
Grooming and Aggression
The cumulative duration of grooming across sessions
was unaffected by the presence or absence of an oppor
tunity to aggress, and may, therefore be unrelated to
shock intensity.

However, for all subjects both the

frequency and duration of grooming increased slowly
across sessions and then declined.

In Figure 13, the

cumulative duration of grooming for each subject is
graphed across sessions.

The y-axis is a log scale of

the cumulative number of seconds subjects engaged in
grooming in sessions.

The x-axis is composed of sessions.
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Figure 15.

This figure shows the similarity between

the three subject's cumulative durations (seconds)
of grooming behaviors across sesssions despite differ
ing orders and durations of conditions for each sub
ject.

Arrows point to the point of transition between

conditions and to the order of the transition (Condition
A = bite target absent or absence of an opportunity
to aggress, Condition B = bite target present or pre
sence of an opportunity to aggress.)

The cumulative

duration of grooming accelerates negatively across
sessions for all subjects.
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The lowest point on each curve corresponds to the first
session in the staggered scale of sessions on the xaxis.

The curves are very similar to eachother de

spite the fact that subjects were exposed to differ
ing orders and durations of conditions.

The arrows

point to the transition order between conditions at the
point of transition.

The y-axis is 3 cycles on a log

scale. Figure 16 shows the mean (arithment average of
three subjects) change (frequency in the session ex
pressed as a percent of the first session’s frequency)
in grooming initially sensitizing (values greater than
100 percent) and then habituating (values less than 100
percent).

The y-axis is the percent of control, which

was found by dividing the frequency of grooming in a
session by the frequency of grooming in the first
session, the result of which was then multiplied by
100.

The x-axis is composed of sessions.
From these results it appears that grooming is

related in a bitonic manner to the history of shock ,
yet, grooming was independent of whether the oppor
tunity to aggress was present or absent within the
history of stress.

It may be that increases in groom

ing from session to session are due to the relatively
greater novelty of the first several sessions as com
pared to later sessions; however, this is mildly contra
dicted by the smoothness of the curves in Figure 15
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Figure 16.

This figure shows the change (sensitization

or habituation from the first session) in the mean (arith
metic average of the three subjects) in the frequency
of grooming in each session across sessions.

Points

above 100 percent represent an increase in the mean
frequency of grooming above the mean frequency of
grooming in the first session; points below 100 per
cent represent a decrease in the mean frequency of
grooming below that in the first session.

The mean

frequency of grooming initially showed a period of
sensitization across session (values over 100 percent)
and then a smaller period of habituation (values under
100 percent).
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(cumulative duration of grooming across sessions) at
the point of transition between conditions.

The pre

sumed increase in the novelty of conditions at the point
of a transition between conditions does not result in a
sudden increase in the cumulative duration of grooming
as would be expected if grooming were a function of the
novelty of the conditions.
Sensory Scanning and Aggression
In Figure 17» the preshock durations of sensory
scanning with and without an opportunity to* aggress
are compared across sessions.

As can be seen from

the figure, without an opportunity to aggress (left
column of graphs), there was a negatively accelerated
curve; with an opportunity to aggress, there was a
positively accelerated curve (right column of graphs).
The curve's acceleration is determined by constructing
a straight line between the curve's endpoints; pos
itive acceleration is indicated when the constructed
line falls above the curve, negative acceleration is
indicated when the constructed line falls below the
curve.

The presence of an opportunity to aggress

resulted in a progressive increase in the percent of
time the subjects engaged in sensory scanning prior to
an aversive event; without an opportunity to aggress,
the subjects became progressively less alert (spent
less time sensory scanning) in the period of time
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Figure 17.

This figure compares the cumula'tive duration

of sensory scanning in the preshock interval across
sessions in the presence and the absence of an oppor
tunity to aggress.

Responding was expressed as a

percent of the total

in the condition to equate

the ranges of the x-axes in the six graphs in this
figure.

Negative acceleration characterized the

preshock cumulative duration of sensory scanning
without an opportunity to aggress (left column),
positive acceleration characterized sensory scanning
with an opportunity to aggress (right column).
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preceeding an aversive event.

The y-axes are composed

of the percent of total time engaged in preshock sen
sory scanning for the condition.

The x-axes are com

posed of sessions within a condition.

The data in

Figure 17 are plotted as a cumulative percent of the
total duration of preshock sensory scanning for the
condition, thus the last point in each condition equals
100 percent (the cumulative duration at the last point
in a condition equals the total duration for that con
dition).

The conversion of cumulative data to cumu

lative percents does not change the curve’s inflections,
however, it does give the curves a common endpoint

(100 percent) and range (0 to 100 percent).

From these

data, it can he inferred that the opportunity to aggress
promotes alertness, while the absence of an opportunity
to aggress does not.
Pausing and Aggression
The frequency of pausing more often declined with
an opportunity to aggress than without in the preshock
intervals across sessions.

This change in the fre

quency of pausing is presented in Figure 18.

On the

left side of Figure 18 are sessions conducted in the
absence of an opportunity to aggress, sessions conducted
in the presence of an opportunity to aggress are on the
right.
percent

The y-axis is a probability scale, with 100
equal

to the

ratio of preshock

pauses
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Figure 18.

This figure shows a comparison of the

frequency of pausing in the preshock interval across
sessions with an opportunity to aggress (right side
of figure) and without and opportunity to aggress
(left side of figure). The preshock pause frequency
is expressed as a percentage of the preshock frequency
of pausing in the first session.

For all subjects,

the preshock frequency of pausing more frequently
habituated (showed values of less than 100 percent)
in the presence of an opportunity to aggress (right
side of figure) than in the absence of an opportunity
to aggress (left side of figure).
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in a session divided by preshock pauses in the first
sessions when the frequencies are equal.

Thus, values

exceeding 100 percent are sessions in which the pre
shock frequency of pausing exceeded the frequency of
preshock pausing in the first session (response sensi
tization) .

Values graphed as points below 100 percent

represent response habituation, or sessions in which
the preshock frequency of pausing fell below the
preshock frequency of pausing in the first session.
For all subjects, the presence of an opportunity to
aggress (right side of Figure 18) resulted in habit
uation of preshock pausing more often than the ab
sence of an opportunity to aggress.

Table 2 was con

structed from the data in Figure 18; Table 2 shows
for each subject the number of sessions during which
preshock pausing habituated in each condition divided
by the number of sessions in that condition.

As can

be seen from Table 2, the presence of an opportnity to
aggress is much more, likely to result in preshock pause
habituation (61.3 percent of sessions showed habituation
of preshock pausing with an opportunity to aggress)
while only 4.7 percent of sessions without an oppor
tunity to aggress displayed habituation of preshock
pausing.

Thus, while an aversive situation was likely

to "give one pause", the presence of an opportunity
to aggress resulted in more than a tenfold increase in
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Table 2.

This table shows the degree of habituation

in preshock pausing frequencies in the presence and
the absence of an opportunity to attack.

As can be

seen from the table, the percentage of habituation
is greater in the presence of an opportunity to attack
(bite target present) than in the absence of an oppor
tunity to attack (bite target absent).
table were drawn from Figure 18.

Data for this

The frequency of

pausing in the preshock interval is more likely to
decline over sessions with an opportunity to aggress
than without.
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TABLE

2.

PRESHOCK PAUSING
PERCENT OF RESPONSE HABITUATION IN CONDITIONS*
Bite Target Absent

Bite Target Present

Subjects
B9

0/4 = 0.0%

5/7 = 71.4%

Cl 5

1/7 =14.2%

7/8 = 87.5%

B7

0/8 = 0.0%

2/8 = 25.0%

1/19 = 5.2%

14/25 = 60.83

Mean

♦Percent of
Response
Habituation

=

Number of sessions with response
habituation in the condition
x 100
Number of1 sessions in condition
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the percent of sessions displaying habituation of
the preshock pause as compared to the sessions without
an opportunity to aggress. Thus, pausing in the pre
shock intervals is more likely to decline in frequency
with an opportunity to aggress than without an oppor
tunity to aggress.
In summary, three types of comparisons were
made in this study: behaviors generated by the preshock
and postshock intervals, behaviors generated by the
presence and absence of an opportunity to aggress
and behaviors generated by observers simultaneously
recording data on the behavior of subjects.
Interobserver correlations for the frequencies
and durations of behaviors of subjects were all sig
nificantly different from zero at the pA.,0005 level;
none were significantly different from +1.

Thus,

the response definitions were validated, and the ob
servations were found to be accepably reliable.
All subjects aggressed when given the opportunity
to do so; frequencies of biting ranging from 20 to 2,000
across sessions.

In the presence of an opportunity to

aggress locomotion and pausing habituated while sensory
scanning positively accelerated.
When preshock and postshock intervals were com
pared, shock was not found to be causally related to
sensory scanning, pausing and grooming; thus these

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

61
are not presented*

Shock was found to be causally re

lated to locomotion and these data are presented,
Grooming slowly increased and then decreased across
sessions.
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APPENDIX

Figure 19.

This figure shows the rat in the restrain

tube with an opportunity to aggress.
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